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SPECIFICATION 

REGENERATOR AND CRYOGENICS PUMP 

[Technical Field] 

[0001] This invention relates to a regenerator which includes a regenerator material 
and in which heat is exchanged between the regenerator material and refrigerant gas 
such as heliimi, and a cryogenics pump provided with the regenerator. 



[Background of the Technique] 



[0002] A low temperature surface of a Cryogenics pump is placed in a vacuum 

chamber. Gas molecules are condensed and adsorbed on the low temperature surface and 
are captured by the low temperature surface, in the vacuum chamber. Thus, the cryogenics 
pump is a vacuimi pump for evacuating the gas molecules. Generally, a small closed cycle 
helium refrigerator is used to obtain the low temperature surface. 



[0003] It is a regenerator based refrigerator in which helium gas is used as 

refrigerant gas or operating gas. The compressed helium gas is transferred into the cold 
expansion space in the cold end and it is adiabatically expsuided to obtain low temperature. 
The regenerator based refrigerator is characterized in that it is provided with a heat 
exchanger cooled as regenerator material which functions to extract heat from high 
temperature and pressure helium gas, flowing in one direction, to reserve heat and precool 
the helium gas to be transferred into the expansion space. It functions to warm the helium 
gas of low pressure and low temperature, flowing in the opposite direction^ prior to 
returning to the ambient temperature space. 
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[0004] The regenerator contains regenerator material which exchanges heat with 
the heUum gas. Pb is used as regenerator material, which has high thermal conductivity 
and higher specific heat than any other metals at low temperature (under 30k)^ and it is 
less expensive. 

[0005] In some refrigerators of high capacity, magnetic material such as EraNi^ 

whose specific heat is higher than Pb at a very low temperature (under 15k)j, is used. For 
example, refer to patent document 1 and patent document 2. 

[0006] Patent Document 1: JP10.300251A 

Patent Document 2: JP2004- 14334 lA 

[Disclosure of Invention] 

[Problem to be solved by the Invention] 

[0007] Pb has a higher specific heat than the other metal at low temperature and it 
is inexpensive material. However, in order to improve the performance of the^refrigerator, 
a large amount of Pb of high purity should be used. It also needs to be collected and treated 
properly because it is environmentally harmful if disposed of improperly. It requires 
special care for handling. 

[0008] Magnetic material is very expensive. It has a peak specific heat of around the 
phase transition temperature. Accordingly, in some regenerators, several kinds of 
materials having peaks of specific heat at different temperatures are selected and are 
layer-structured in accordance with the temperature distribution in the regenerator. They 
are effective in contrast to the regenerator of the single layer structure. However, it is very 
expensive. Further, magnetic material is an intermetallic compound and it is hard, brittle 
and is difficult to be machined. 
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[0009] Accordingly, under such background, a regenerator material which fulfils 

such requirements as specific heat, thermal conductivity, manufacturing easiness, 
strength, hardness, chemical stabilization and low cost is desired^ instead of Pb which is 
environmentally harmful. The object of the invention is to provide a regenerator and a 
cryogenics pump, using such regenerator material. 

[Means for solving problem] 

[0010] According to this embodiment, in a regenerator which contains regenerator 

material in an internal path for refrigerant^ and in which heat is exchanged between the 
refrigerant and regenerator material, the regenerator is characterized in that the 
regenerator material is any one of Sn, Bi-Sn alloy and Ag-Sn alloy. 

[0011] In a cryogenics pump which contains regenerator material in an internal 

path for refrigerant^ and in which heat is exchanged between the refrigerant and 
regenerator material, the cryogenics pump is characterized in that the regenerator 
material is any one of Sn, Bi-Sn alloy and Ag-Sn alloy. 

[0012] Regenerator material of Sn, Bi-Sn alloy and Ag-Sn alloy does not include Pb. 

Accordingly it has less influence on the human body and the environment. Handling is 
easy. It is less expensive than magnetic material. Further, it is easy to be formed into any 
shape. For example, it is easy to be manufactured into small spherical shapes for 
increasing heat exchange efficiency with refrigerant gas. 

[Effect of the Invention] 

[0013] According to a regenerator of this invention, any one of Sn, Bi-Sn alloy and 

Ag-Sn alloy is used as regenerator material for exchanging the heat with refrigerant gas. 
Thus, the same performance is maintained as the prior art. It is inexpensive and handling 
is easy. 
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[0014] According to a cryogenics pump of this invention, the regenerator provided 

with the above regenerator material is used in a refrigerator to obtain a low temperature 
surface. Accordingly, troublesome handling, shape or mechanical structure modification 
and extra expense are not necessary. This invention can provide a refrigerator and a 
cryogenics pump of the same performance as the prior art. 

[Brief Description of the Drawings] 

[0015] FIG.l is a schematic view of a cryogenics pump according to an embodiment 
of this invention. 

FIG.2 is schematic views for explaining operations of refrigerator of the 
cryogenics pump shown in FIG.l. 

FIG.3 is a graph of temperature-specific heat characteristics of different 
regenerator materials. 

[Explanations of letters or numerals] 

[0016] 



1 


cryogenics pump 


2 


refrigerator unit 


3 


compressor 


5 


first stage cylinder 


6 


second stage qrlinder 


7 


shield 


8 


baffle 


9 


cryo-panel 


11 


first stage displacer 
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12 second stage displacer 

13 first stage regenerator 

14 second stage regenerator 

15 regenerator material 

16 regenerator material 

18 intake valve 

19 exhaust valve 

21 first stage expansion space 

22 second stage expsuision space 
25 ambient temperature space 

31 first stage heat load flange 

32 second stage heat load fiange 

[Best Embodiment of Invention] 

[0017] Next, the embodiment of this invention will be described with reference to the 
drawings. 

[0018] Fig 1 is a schematic view of a cryogenics pump 1 according to one embodiment 
of this invention. Cryogenics pump 1 includes a refrigerator unit 2 which consists of a 
compressor 3, a first stage cylinder 5 and a second stage cylinder 6. Helium gas compressed 
by the compressor 3 is circulated through the first stage cylinder 5 and second stage 
cylinder 6 to cool the expansion space at an extremely low temperature. Thus, a shield 7, 
baffle 8 and cryo-panel 9 attached to the first stage cylinder 5 and second stage cylinder 6 
are cooled at an extremely low temperature. Gaseous molecules are condensed onto them. 

[0019] As shown in FIG.2, a first stage displacer 11 and a second stage displacer 12 

are placed in the first stage cylinder 5 and the second stage cylinder 6 respectively. The 
first stage displacer 11 and the second stage displacer 12 are attached to a drive shaft of a 
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motor 4 through a cam 17. They are reciprocated up and down as one body in the first stage 
cyhnder 5 and the second stage cyhnder 6 by rotation of the motor shaft. 

[0020] A first stage regenerating material 13 is contained in the first stage displacer 

11, and a second stage regenerator material 14 is contained in the second stage displacer 

12. Refrigerant gas, helium^ passes through the first stage regenerator 13 which contains 
two or more copper nets as first stage regenerating material 13. Gaseous helium passes also 
into the second stage regenerator 14, which is filled with very small spheres, as the second 
stage regenerating material 16. The material of the second stage regenerating material 16 
is any one of Sn, Bi-Sn alloy and Ag-Sn alloy. 

[0021] First stage expansion space 21 is formed between the top wall of the first 

stage cylinder 5 and that of the first stage displacer 11, in the first stage cylinder 5. First 
stage heat load flange 31 is fixed to the outer wall of the first stage cylinder 5 corresponding 
to the first stage expansion space 21. As shown in FIG.l, the shield 7 and the baffle 8 are 
attached to the first stage heat load flangeSl, which are cooled together with the cooling of 
the first stage expansion space 21. 

[0022] A second stage expansion space 22 is formed between the top wall of the 

second stage cylinder 5 and that of the second stage displacer 12, in the second stage 
cylinder 6. A second stage heat load flange 32 is fixed to the outer wall of the second stage 
cylinder 6 corresponding to the second stage expansion space 22 as shown in FIG.l. The 
cryo-panel 9 is attached to the second stage heat load flange 32, which are cooled together 
with the cooling of the second stage expansion space 21. 

[0023] Intake valve 18 and exhaust valve 19 are opened and closed by a motor 4. The 
intake valve 18 functions to supply gaseous helium to the first stage expansion space 21 
and second stage expansion space 22 from the compressor 3, and the exhaust valve 19 
functions to return the gaseous helitmi to the compressor 3. 
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[0024] When the refrigerator unit 2 is powered on, opening and closing of intake valve 18 and 

exhaust valve 19, and back-end- forth motion of displacers 1 1 and 1 2 are driven by the motor 4. 

[0025] In FIG.2A, exliaust valve 19 is closed and intake valve 18 is opened. High 
pressure gaseous helium discharged from the compressor 3 is introduced into the ambient 
temperature space 25 of the first stage cylinder 5. 

[0026] Next, the displacers 11 and 12 are moved toward the ambient temperature 

space 25 with the intake valve 18 opened as shown in FIG.2B. The helium gas passes 
through the regenerators 13 and 14 to the expansion spaces 21 and 22 from the ambient 
temperature space 25 of the first stage cylinder 5, while the helium gas is cooled with the 
regenerator materials 15 and 16 by heat exchange. The volume of the helium gas is reduced 
in the regenerators 13 and 14. Accordingly, the intake valve 18 remains opened so as to 
fulfill the isobaric condition. 

[0027] Next, in FIG.2C, the intake valve 18 is closed and the exhaust valve 19 is 

opened. High pressure helium gas in the expansion spaces 21 and 22 is dischaz^ed and 
therefore the pressure of the expansion spaces 21 and 22 is lowered. In that process, the 
helium gas is adiabatically expanded. The helium gas becomes low at temperature and 
pressure. The temperature of the expansion spaces 21 and 22 is lowered. The shield 7, 
baffle 8 and cryo-panel 19 are cooled through the heat load flanges 31 and 32. 

[0028] Next, in FIG.2D, the displacers 11 and 12 are moved towards the expansion 
spaces 21 and 22 while the exhaust valve 19 remains opened. The remaining helium gas in 
the expansion spaces 21 and 22 are moved through the regenerators 13 and 14 into the 
ambient temperature space 25. After the helium gas has exchanged heat with the 
regenerator material 15 and 16, the helium gas is exhausted from the exhaust valve 19. 
Thus, the cold helium gas in the expansion spaces 21 and 22 passes through the 
regenerating materials 15 and 16 cooling the latter which cools helium gas of the next cycle. 
After the helium gas temperature rises to the ambient temperature, the helium gas is 
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exhausted and returned through the exhaust valve 19 towards the compressor 3. The 
exhaust valve 11 is closed and the intake valve 18 is opened. The operation of FIG.2A starts. 
Thus, one cycle is ended. 

[0029] In this embodiment, any one of Sn, Bi-Sn alloy and Ag-Sn alloy is used as 
regenerator material 16 of the second stage regenerator 14 arranged in the lower 
temperature side, which does not include Pb. As shown in FIG.3, the specific heat of Sn is 
smaller than that of Pb in the low temperature region (under 30K) obtained by the 
cryogenics pump. Although the specific heat is smaller, the heat capacity of regenerator 
material can be increased with the volume of the material. Refrigerating capacity can be 
substeuitially equal to that of the prior refrigerator using Pb. In the temperature region 25 
to 30K, the specific heat of Sn is substantially equal to that of some kinds of magnetic 
material (H0CU2). The specific heat of Bi-Sn alloy or Ag-Sn alloy is equal to that of Pb under 
the content percentage 50% of Bi or Ag to Sn. A regenerator of the same performance as 
that of single Pb can be obtained. 

[0030] Sn, Bi-Sn alloy and Ag-Sn alloy can be used instead of Pb as the regenerator 
material with the same refrigerator capacity as the prior art. Any other construction does 
not need to be modified or adjusted. Simply, the regenerator material is substituted. The 
compatibility to the existing cryogenics pump is high. The outline and mechanical 
structure of the cryogenics pump are not required to be changed. The maintenance is easy. 

[0031] The heliimi gas can smoothly flow through the regenerator material 16 

consisting of plural spheres which have large surface areas and a high thermal exchange 
rate. Sn, Bi-Sn alloy and Ag-Sn alloy are not so hard and brittle as magnetic material. They 
can be easily manufactured into spheres. The diameter of the sphere is, for example, under 
1mm. In that case, a sufficient high heat exchange rate can be obtained between helium 
gas and the above material. However, when the diameter is as small as powder, heliimfi gas 
is difficult to flow through such regenerator material. Accordingly, the range of the 
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diameter of the sphere should be so designed that heUum gas can flow smoothly 
therethrough. 

[0032] Sn, Bi-Sn alloy and Ag-Sn alloy have less influence on the human body and 
the environment than Pb. Handling is easy. Further, they are less expensive than 
magnetic material. The cost of the former to the latter is about 1/18. Further, Sn, Bi-Sn 
alloy and Ag-Sn alloy fulfill such other requirements as thermal conductivity, chemical 
stabilization, strength and hardness. 

[0033] While the preferred embodiments of the Invention have been described, 

without being limited to this, variations thereto will occur to those skilled in the art within 
the scope of the present inventive concepts that are delineated by the following claims. 

[0034] The drive system for displacers 11 and 12 is not limited to the motor, but it 

may be of the gas pressure drive type using gas pressure difference of refrigerant such as 
helium gas, or the combination of the motor and the gas pressure difference t5^e. 

[0035] In the above embodiment, the refrigerator is of the Gifford McMahon type. It 
may be applied to the reverse Stirling refrigerator, the pulse-tube type refrigerator or 
Solbey type refrigerator^ which is not limited to a cryogenics pump^ but may be applied for 
cooling a super conductivity magnet and a low temperature sensor. 
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